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8,000 g of an anhydrous cyclobfixane-o.hwaii© mixturp m a ratio of 9:1 by wdaJit, 64 
g ^^nrFTF S »^gtyrap6 aaid 750 g of butadicDfi were introduoed into a 20 liter raactor 

equipped wifh a sdrrar. TheteinpcrBturBoflheimirt^ 

butyl Kttuwniacydohexane was fed ii» fee 1^ ThebcB^nwngfif polymcdzatiOTwas 
iniHeated by an increase in temperature. When a nt ayiffl um tflp^>qratare of about 80 "^C was 
reached, flie solution was left under stiiiinK&r about 5 minutes. ThenO-Cgof 
dqdienylcatbona^ in hfixane sobxtion was added and ^ 

stSaing for aaofter 10 mumtBs» unxil tiic poftroerization xeaetim was complete and 
oxiapoxidated refoence copolymer Al was prodneed. 

A 2000 g portion of the polymeric aobition Al was tians£scred to a second teaotor, 
whae it was sabjected to an cpoxidation rcairtlon by the addition of jEbnmc add and 
hydrogen pcraadde with amolar ratio with respect to the double bond equal to 15/15/100. 
The tenipar«tut« of the polymeric sohidon, to which 21 g of Ibnnic acid was added, was 
raised to 70*'C and 58.6 g of hydn>sen pcn)xide (3094 w/w) was added 
period of fiom 5 to 30 minutes. At &e end of the addidon ^polymeric solution was 
maintained at about yO^'CSaraperiod of 1 to 5 hours. The cpoxidatxon reaction was 
tfT T fi ^r ^"^ Ky i^^4Tn;TiHrin g Wh thft water and fjannio a^nd. Ihe pH of the solution was 
adjusted to » vabia Of about 7 and copolymer A2 was produced. 

A 2,000 g portion of die polymeric solution Al was mixed with 2S g of jfozmic acid 
and the tempecatuxe was raised to about 70'C. 8.0 g of hydiogan peroxide (30% w/w^ "was 
added and fho same psoeedure was carried out as disclosed above in flie production of 
oopolymfir A2 to produce copolymer A3. 

A 2,000 gportion of the polymeric solution Al was mixed with 47 g of formic acid 
and the tcrapwafure was raised to about 70^C. 133.0 g of hydrogen peroxide (30% wM) was 
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added and the 58me procediTO was earned cnit as disclosed 
copolymsr A2 to produce copolymer A4. 

0*3 phr of 2,6-ditcrbutyl phcaiol was added to the polymeric solutions Al, A2, A3 and 
A4. TiaeniixtarBs were coagulated witki^opro^^ 

dziedin an ovenat60^C fi>r 4 hours to pfoduce dzy eopolymess Al, A2, A3, and A4. 

IL EXAMPLEJI 

T Tcing fiie yrrw^tTTfeft <inftlftgoiis to that sflt foith sbovc in Examplc 1. tiiree styrcao- 
butadiene copolymezs were prapaied, the &3t being an imepoxidatcdTtferaice copolymer 
A5. 

A 2^000 gpoztion of 4ie polymeiic sohitkm AS was mixed wxdi 10.0 g of fonnic acid 
and the temperatme was raised to about 70*C. 26,5 g of hydiosen peoroaridfi (30% w/w) was 
added and the same pro oeduic was oazried out, as dtftmififlfd ab oye in Example 1 to produce 
oppolyni6rA6. 

A 2,000 g portion of the polymeric sohxtion AS was mixed with 603 g of fisimic acid 
and flie temperatDze was xaised to about TO^C. 165.0 g of hydrogen peroxide &0% w/w) was 
added and Ae same pxDcedme was earned ou;, as discussed above in Bxan^ 1 topioduoe 

copolymer A7. 

The properties of copolymers A1-A7 are shown in Ta^ble 1, wherein % epoxidation 
xcfers to title molar perceotage of epoxidated double bonds with respect to themols of the 
initial diene doiiUe bonds. 
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Al 


A2 


A3 


A4 


AS 


A6 


A7 




25.1 


25-0 


25,0 


24.8 


25.1 


245 


25.0 


Vteyl% 


47i 


50^ 


50,3 


S0.3 


63^ 


645 


65.0 




259300 


2S4300 


xlI 


23S100 


246800 


239400 


225000 


<Mii> 


209000 


2UOO0 




199000 


1910D0 


l&OOOO 


171000 


Tk 


-35"C 






-23''C 


-21 '^C 




-18*C 


Epoxidaticm % 


0 


5 


0.68 


11 


0 


Z27 


14 


MLi*4l00*C J 


58 


67 


54 


69 


53 


53 


56 



CL p] ^ RP AR ATTOl ^ OF VIJLCA^nZED PRODUCTS 

100 parts 5tyr«5ae-butadi«me oop6lymet Al , Cumaronc resm 2 pbr, Silica BN3 53 phr, 
Caibon blade N330 A2S phr^ ljist3-triedioxyBily^pwpyl] trtrasulfidc (Si 69) 4J25 phr, ZnO 
2.5 phr. Stearic add 1.0 phr, AjttioxidaDt 1.0 phr, >ficiociyBtanine wax 1.0 p3ir. Aromatic oU 
6.0 phr, N-cycloh«icyl li«i2»aiiaaole5ulfencanu^ I ptar c^hcnj^Sttanidine 1^ phr aod 
Sulfiir 1 .8 phr were mixed using an internal Baotoy type laboratary mixer in mixing 
cycles: &c first, for incoTporating the charges ai^ 

mixer operating to obtain discharge icftiptcmxr^ of between 140 and 1 60*C; ihe aecond, for 
fee addition of the vDloTOiTiTig aystcm^ was earned out in an open mixer, the total mixing 
tune being 9 minutes. VntcaiiisationwaB carried out in aprasa at 151 "^C for 60 miz^ 

Copolymers A2-A7 were volcenizod in (be same manner as copolymer Al to produce 
vulcaxiized products Ml-Al, M1'A2, M1-A3, M1-A4, MI-A5, M1-A6 and M1-A7. 

The pmp cf ti es of the vulcanized products are shown in T^le 2- 
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TABLE 2 



CQ0ipoand 


Ml-Al 


M1-A2 


M1-A3 


M1-A4 


M1-A5 


M1.A6 


M1-A7 


100% Modulus 
(MPa) 


4.5 


S-3 


44 


6.5 


42 


4A 


5.8 


200%Modulas 
(MPa) 


8.9 


11-3 




13.7 






13 1 


XoxsiIb 

somglli (MPa) 


lti.3 








17 0 


17,5 


182 


breaker) 


332 


282 


349 


163 


294 


282 


143 


(Shore A) 


78 


75 


77 


62 


73 


72 


79 


Abrasion loss 


136 


111 


125 


157 


153 


146 


210 


Tiua6 iHz, 


0.127 


0247 


0-126 


0276 


0.432 


0.648 


0.704 


Twi6 IHz, 5% 


0>13S 


0.097 


0.142 


0.121 


0.079 


0.077 


0.081 


Tan6 IHz, 

10%8traai, 

60"C 


0J5S 


0.102 


0.153 


0.150 


0432 


0.125 


0.143 


Tazi6 iHz. 

S%stratn« 
60*C 


0.»2 


2.SS 


0.89 


228 


5.47 


8.42 


8.69 



rV. TEIE RESULTS CiP THE EXPE RIMENTS ABOVE ARB INTRRPKBTEP AS 
POIXQWS! 

Hie data of Tables 1 and 2 diaiildbe divided and iampreted as two separate srcnip$» 
the firat grmp bviag copplyxofira Al •A4 and fee second groop being oopofyoim A5-A7. 
This is because 1iie ci^polymetrs of tiie two groypd (HfFer in vinj* content, whidi is 47.2-50.5% 
for copolymere A1-A4 and 63.5^5.0% for copolymerB A5-A7, The vinyl content of tbe 
copolymer influences Ae propartlea of the copolymos. in particular T, (gjas* transition 
temperatnre) and, consequfintly, dynamie bctovior and resistance to abrasion. 
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V. pTRrTTssrriN Qf the RSSUL TiS "^"^s ^'^ ^^-^^ TO Ml-A^ 

TattS I Hz, 0.1% Btnrin. 0"C is considered a good measurmaoit of Uie ••wet grip'* of a 
taic,t««leT»6 1 Hz,5%strBia,60'Cisagc»drMasa»^ 
tire. 

The ratio Tao 6 1 Efe, 0,1% steMii, 0'Cn*A 6 1 Hz, 5%st«ia, 60-C faasigiiificaiit 
isdo. because it icpwents a conqjioinise feetweca "wet grip" and *^llmg tesialMice" and 
Ugiii valnes show an optanizatioii of a dynamic perfstmance of die conq^sWon maldng vp 
^tire,MSttioingth»m«*anicaliiiopettle»Qfdietixeai©1hew^ AseanhoatOAima 
Table 2 the ratio is highest for M1-A2 at 2J5. which itpresoate eopoJymer A2 wifhm flw 
epoxidatwn % of the pwMOt claims at 5% epoxidatioB. as eon>i>»ed to Ml-Al at 052, which 
ififliecn^xidatedi«fcmieeoopclymBrandMl-A3 and M1-A4 at 0,84 and 258, 
respectively, both of -"^ich are outside Ihe epoaddatioia % of ttie present claims of 2.27-5%, 
copolyia«A3batag0.68% eporidaJionai«icopo!ym«A4 being 11% Vysrfbec, 
M 1-A2 is superior in ^*^^f! abiasion loss against Ml-Al, M1-A3 and M1-A4 and Ml - 
A2 is alao superior in not demonstrating too Ugti of a hardness against Ml-Al. M1-A3 and 
M1-A4, The above results are espedaUyeigiflfieaat between Ml -A2, having a5% 
epoxictatiOT and within the range of dxe present claims with an 

Shore hardness of 75 as coaqyaied to MI-A4. having an 11% epoxidatien. outside the range 
of the pteseot claiias with an ahrasioii loss of 157 and a Shose hardness of 82. 

Campating M1-A5, MI-A6 and Ml^7, it can bo seen dial M1-A6, wWdi haa an 
epoxidadoa % of 2.27. widrin the range of the present claims, is nnichb«rer in the rfiove. 
discussed ratio fhanMl-A5. which uses a copotymer with an epoxidation % of 0 and very 
dose to but subtly less than M1-A7, whidi uses a copolymer with an epoxidation d^ee of 
14%, outside the range of die present claims. Howewa-, M1-A6 ia mudx si^poAoif in 
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